Category: 5. Advancement of methodological approaches and frameworks to enrich and extend the capacity of nursing and healthcare inquiry. 
| INTRODUC TI ON
The rapid growth of the ageing population is a global concern (United Nations, 2015) . A change in the world's population by age from 2010 to 2015 includes a 188% increase in people 65 and older, a 351% increase in people 85 and older, and a 1,004% increase in those 100 years and older (United Nations, 2017) . Older people are living longer (Healthy People 2020 . However, not all people experience healthy ageing. Longer life expectancy is also associated with higher prevalence of chronic disease (Avendano, Glymour, Banks, & Mackenbach, 2009; Prince et al., 2015) . Commonly, older adults with deteriorated physical or mental health and function utilize more health care (Agency for Healthcare Research and Quality, 2017; Healthy People 2020 Prince et al., 2015) . The current practice of housing and caring for older people in care centers is unsustainable without innovative collaboration across industries (World Health Organization, 2018) , and interdisciplinary research teams are called upon to develop innovative solutions that include technology to promote healthy ageing (National Institute on Aging, 2017; National Science Foundation, 2017) . Further, care-givers who want to support their loved ones' to age-in-place need a system that can assist with providing for their loved one's health and safety (Healthy People 2020 .
Aging-in-place with health-assistive Smart Home technology (hereafter referred to as Smart Home) may be an alternative to assisted living or nursing home admission (National Institute on Aging, 2017) . Smart Homes use motion sensors to track activities of the aged and harness the power of artificial intelligence to identify and predict changes in health states (Cook, Krishnan, & Rashidi, 2013) . The Smart Home is designed to assist the ageing person to remain in their home and extend independence (Rantz et al., 2014; Rantz, Lane et al., 2015; Rantz, Skubic et al., 2015) .
Additionally, healthcare system leaders are interested in decreasing hospital utilization and the associated costs (American Hospital Association, 2018; Center for Medicare and Medicaid Services, 2017) . As the integration and refinement of Smart Homes evolves, nurse-researchers will need to be 'in-the-loop' (described below) to make sense of Smart Home-generated data, and provide clinical ground truth to engineers to improve efficacy of Smart Home design and utilization by integrating theoretically based knowledge development and clinical knowledge application. Accordingly, conceptual frameworks are needed to guide nurse-researchers involved in Smart Home research. Further, to concurrently evolve and evaluate technology for use in patient care, pragmatic approaches and agile methodologies for conducting clinical Smart Home research are critical (Kaye et al., 2011) .
In this methodological paper, we introduce a conceptual framework for nurse-researchers working with Smart Home data for training artificial intelligence (AI) algorithms (i.e., machine learning algorithms). We discuss our epistemological and ontological leanings, which informed the mixed methodology and neoteric Fritz
Method that nurse-researchers can use to integrate clinical knowledge into AI for clinician-based machine learning. This article is organized in the following manner: (a) We describe the Smart Home and the nature of the data; (b) we introduce the Clinician-in-theLoop-AI (CIL-AI) conceptual framework and discuss how knowledge is constructed within the framework, which includes an innovative data collection and analytic method, the Fritz Method; and (c) we briefly introduce the Fritz Method and describe how it generates data, guides analysis, and facilitates provision of ground truth for Smart Home AI.
| The health-assistive Smart Home
'Smart Home' is a general term primarily used in two ways: when referring to consumer-driven in-home 'smart' products (e.g., (Cook, Crandall, Thomas, & Krishnan, 2013) . This Smart
Amazon
Home is designed to extend independence by assisting with health management in older adults. It is a home that perceives its environment through sensors and can act upon the environment using actuators. Actuators are small devices that can receive remote digital instructions and activate or de-activate another device to which they are attached. For example, an actuator could turn off a stove that has been left on accidentally, after receiving digital instructions that sensor movement in the stove area for a certain length of time is absent while the temperature is increasing (Cook & Das, 2005 
| CON CEP TUAL FR AME WORK

| Assumptions and definitions of key concepts
The extant literature indicates that philosophical paradigms contribute to the theoretical position of researchers, which in turn influences the methods used to conduct research (Klein & Holly, 1990) . While there are differences in the methodological perspectives among nurseresearchers (quantitative positivist stance versus qualitative interpretive stance), methodological debates are not isolated to the discipline of nursing (Baker, Norton, Young, & Ward, 1998; Frost et al., 2010) .
Today, nurses are less constrained by the dominant discourse of the past-the 'paradigm wars'-that demanded an alignment with one of the philosophical paradigms and single methodology for conducting research. Modern methodological pragmatists propose that mixing research methodologies is acceptable if the method is informed by the phenomenon, and is preferably grounded in theory (Landry & Banville, 1992) . We embrace Maxwell and Mittapalli (2015) , who indicate that while research methods need not be tied to a specific methodological paradigm, the philosophical assumptions should significantly inform research methods (Maxwell & Mittapalli, 2015) . Our epistemology and ontology iteratively inform our perspective and the dynamic relationship with technology which significantly contributed to the conceptualization of our framework. See Table 1 Researchers are using AI to accomplish this goal. The AI agent can automatically identify and predict clinically relevant changes in older adults' health states (Sprint, Cook, Fritz, & Schmitter-Edgecombe, 2016 ) and can take an action on behalf of the resident (e.g., identifying a fall and notifying someone). For the AI agent to work as intended, it must first be 'trained' to do so. Training is achieved using machine learning tools and techniques (e.g., supervised learning) and by 'feeding' data of individually unique and complex movement patterns to the machine (Cook & Das, 2005 ) (See 'Ground Truth' in Table 1 ). When a negative health event occurs, or is about to occur, older adults' routine patterns are altered (Kaye et al., 2011; .
For example, a congestive heart failure patient experiencing shortness of breath may spend the night in his recliner chair instead of his bed, so that the head is elevated and he can breathe better. The Smart Home can be trained to detect this change in health behavior as a clinically relevant anomaly. To accurately train the Smart Home, ground truth labels are needed. Nursing knowledge is essential and integral to these ground truth labels. Consistent application of a framework will enhance ground truth because the application of nursing knowledge to large sensor data sets is an unexplored area of research. A well-defined philosophical approach is a necessary component of explicating this framework because of the growing gray area between human and artificial intelligence. Understanding the 'stance' informs the purpose, meaning, and importance of infusing the voice of the nurse-researcher with clinical nursing expertise into the AI agent.
| Clinician-in-the-loop-artificial intelligence (CIL-AI) framework
Critical realism and pragmatism are the foundation to the CIL-AI framework, and the post-phenomenological thought about the Theory or development of computer systems using supervised machine learning techniques capable of performing tasks that normally require human intelligence; such as speech or activity recognition, or decision-making, and more; from the field of computer science
Artificial Intelligent Agent
A rational agent capable of making decisions like a human; perceiving its environment through the use of sensors and acting on the environment using actuators (a device capable of receiving remote instructions and taking an action like turning off a stove).
Ground Truth Data patterns that are labeled by human experts to provide meaningful context; these data are classified by computer scientists and fed to the AI machine to train it.
relationship between technologies and a person's experience informed our mixed methodology and participatory (see Participatory section below) Smart Home research design. These tenets also informed the development of the 'Fritz Method,' which uses an integrated quantitative and qualitative participatory design to contextualize Smart Home data so causal mechanisms can be understood leading to clinician-based machine learning (The Fritz Method is briefly introduced below).
| Critical realism
Critical realism is a post-positivist philosophy based on the writings of Bhaskar (1978 Bhaskar ( , 1989 ) that emerged four decades ago in response to the inadequacies of both positivism and interpretivism. It is considered a meta-theoretical philosophical position that has been likened to family resemblances and commonalities that naturally intertwine (Critical Realism: Essential Readings, 1998; Gorski, 2013) .
In critical realist philosophy, the causal processes are viewed as intertwined with a person's beliefs and meanings. With a focus on socially constructed knowledge (Lincoln & Guba, 1985) , interactions of older people and healthcare providers seeking to make changes in the realities that older adults encounter as they age.
Social construction and contextual aspects of human existence-as it is known by older adults and people in their social planes-inadvertently affect the idea of how and where older adults should live as they age, and how technology could influence aging-in-place.
| Post-phenomenology
The idea that technologies and artificial intelligence can be used to recognize and intervene in changes in older adults' health solidifies the reality of technology mediating the daily lives of older adults.
The influence of technology on people is of interest to researchers.
Phenomenology explores the lived experience (Heidegger, 1996) .
Post-phenomenology, influenced by both descriptive and hermeneutic phenomenology (Aagaard, 2017) , is a philosophy of technology with the primary tenant of technologies actively mediating a person's every-day being (Idhe, 1990) . Technologies are said to have social and cultural roles in that technologies do not only function for their specific purpose, but also have the capacity to transform the experiences of people. In other words, how a person experiences their daily life can be transformed by technologies (Verbeek, 2005 Artificial Intelligent agents learn complex human motion patterns based on the nature of the sensor data, and the interactive relationships between older adults and the Smart Home, and researchers (Fritz, Corbett, Vandermause, & Cook, 2016) . The nature of sensor data and AI functionality is integral to our epistemology and ultimately led to the participatory aspect of research design.
Ontologically, we acknowledge the existence of a relationship between humans and AI, and technology (Idhe, 1990) . We assert there is a complex interplay of realities between older adults' needs and desires, and clinical researchers' professional roles and the AI agent designed to assist both. We embrace Maxwell and Mittapalli's (2015) proposal that creating a dialogue between people with different perspectives is important to deepen the understanding of a phenomenon. We acknowledge the need for deep understanding for providing ground truth. We believe a dialogue, based on deep understanding of context, will improve the AI agent by facilitating the use of well-chosen, clinically relevant data sets. We recognize that multiple realities exist when clinicians seek to understand and interpret a participant's reality and experience. We also know that engineers and computer scientists rely on our presentation of this reality for ground truth. Our goal is to provide sensor data that informs the Smart Home's understanding of the human response to health and illness because we recognize that the human's reality of their own experience is not directly measurable using sensors (Figure 2 ).
Naturally, a mixed methodological approach to generate data and guide analysis in Smart Home research cannot be viewed as situated at polar ends of the spectrum, but needs to be successfully integrated to complete the picture (Fritz & Vandermause, 2017) . We take a pragmatic approach to engaging with the multidisciplinary Smart Home team. We consider the key stakeholders to be older adults, engineers, computer scientists, psychologists, nurses, and the AI agent itself. We include older adults' voices via our participatory design. We avoid long narratives and methodically construct our dialogue with the multidisciplinary team so that clinical information can be clearly understood. To improve clarity, we use a pragmatic and concise dialogic style familiar to engineers (e.g., spreadsheets with definitions and descriptors). For psychologists, we provide some narrative highlighting neurocognitive symptoms and diagnosis. For the older adult, we verbalize our goals, plans, and our findings; and we reiterate as needed. We build and share our knowledge within this critical realist, pragmatic, participatory paradigm. The shared knowledge leads to an AI agent that is based on clinical knowledge derived from participants' experiential and physical states of being.
| Participatory design
In using the participatory approach, our goal is to develop accurate clinical ground truth, which is important for clinician-based machine learning. Using a participatory research approach fosters greater input of the perspectives of older adults (Muller & Kuhn, 1993) . Central to Smart Home development are older adults who prefer to age-in-place, their social support system (family, friends, care-givers), and senior living corporations (e.g., continuing care retirement communities, assisted living facilities), and their clinicians (nurses and doctors). All of these stakeholders are critical partners, without which, a good end-user experience is not possible. A primary goal of the participatory research design is to directly include the targeted end-user and all stakeholders in the development of the Smart Home. We purposefully recruit older adult participants with chronic health conditions and engage community stakeholders interested in emerging aging-in-place options. Using a participatory approach encourages future end-users (i.e., older adults and care-giving agencies) to express their needs, wishes, and insights (Levasseur et al., 2016; Muller & Kuhn, 1993) . Similarly, we elicit healthcare team feedback, which is critical to visual analytic design of Smart Home dashboards used by the healthcare team for intervention planning.
| Multidisciplinary collaboration in Smart Home research
Smart Home research draws on multiple disciplines including engineering, computer science, nursing, and psychology (Rantz, Lane et al., 2015; Sprint, Cook, Fritz et al., 2016; Sprint, Cook, SchmitterEdgecombe et al., 2016) , and an emphasis is placed on shared meaning between the disciplines (Morgan, 2007) . Each discipline has discipline-specific goals and research methodologies that contribute to the end goal-aging-in-place. Accordingly, the integration of research methodologies is both natural and necessary (Teddlie & Tashakkori, 2009) 
| CON CLUS ION
This paper makes valuable contributions to nursing's growing involvement in Smart Home research. We proposed an overall conceptual framework for knowledge construction that may be useful to nurse-researchers as they embark on Smart Home research with the multidisciplinary team. We briefly introduced the Fritz Method, a unique approach to concurrent data collection and analysis that includes contextualized health information. We highlighted the important 'clinician-in-the-loop' role of nurse-researchers who directly inform the development of a health-assistive Smart Home that uses an AI agent to identify and predict changes in health states.
Although aged care homes are well-meaning solutions to the growing ageing population, the voices of older adults have solidified understandings that for many, ageing in an institutional setting is often less desirable than aging-in-place (IFAIA, 2011) . A home represents more than 'bricks and mortar' to the older person. Older people have an attachment to their home and the community in which the home is situated (Pipher, 1999) . However, while a move from the home may not be viewed as entirely negative, and perhaps necessary due to decline in function or other health concerns, not being able to age-in-place may be a stressful, unwanted event for some (Walker, Curry, & Hogstel, 2007; Wiles et al., 2009) . Additionally, the enormous costs associated with ageing in aged care homes may soon make aging-in-place in one's own home with health-assistive Smart Home technology a preferable alternative.
More research is needed to discover whether older people would choose to adopt health-assistive Smart Home technology and remain aging-in-place, if this was a viable option. However, nurse-researchers with clinical expert knowledge need to be involved in the research and development of the Smart Home. There is a paucity of information on how (and if) nurse researchers are collaborating with engineers and computer scientists to infuse clinical knowledge into the AI agent used in health-assistive Smart Homes. Nurse-researchers may be unaware of the important role and potential for knowledge contribution in Smart Home research. This article draws attention to the role of nurse-researchers working with Smart Homes and AI and provides a framework to guide nurses entering this field.
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